Heat-moisture treatment is type of physical modification that which cause changes in the technological characteristics of the starch. One of the sources of starch that presents potential of use of this treatment is sweet potato of the variety 'Rainha' (Ipomoea batatas). Therefore, the objective of this work was extract the sweet potato starch, apply the heat-moisture treatment in different relative humidity conditions (15, 20, and 25%), and characterize the starches as to water absorption capacity, morphology and crystallinity. Starch extracted from sweet potato resulted in a product of high purity. All modified starches showed a higher water absorption capacity when compared to native starch. The morphology of the starch granules remained unchanged after the modification and the same was observed with respect to the crystallinity. However, modified 15% moisture starch showed significant changes in the amylose content, water absorption, and crystallinity, these characteristics extend the use of this starch, for use in foods.
Introduction
The sweet potato (Ipomoea batatas) belongs to the Convolvulacea family and is an easily-adaptable rustic tuberous vegetable tolerant to dry seasons. It is a relatively low cost production crop of great economic and social importance in developing countries [1] .
Starch is the main component of this root and corresponds to about 50-80% of dry matter, consisting of amylose and amylopectin in different proportions. The process of extracting this carbohydrate is of great interest to the food, pharmaceutical and chemical industry, because it presents physicochemical characteristics as, solubility, swelling power, pasting property, thermal, among others [2] .
In its native form, starch often does not possess appropriate physicochemical properties for some types of processing. In this sense, the modifications of starches from alternative sources provide the amplification of use and favor the commercialization of starch.
Among the types of modifications, the physical modification by heat-moisture treatment has been highlighted with the advantage that the obtained starch is considered a natural and highly safe material [3] . Huang et al. [4] verified that this method applied to sweet potatoes promoted significant changes in increasing paste temperature and starch content, and decrease in viscosity and relative crystallinity.
Based on this approach, the objective of the study was to evaluate morphological and structural characteristics, water absorption capacity, as well as the physicochemical characteristics of 'Rainha Branca' sweet potato starch subjected to heat-moisture treatments.
Materials and Methods

Starch extraction
Medium-sized 'Rainha Branca' sweet potatoes were purchased in the city of Campina Grande, Paraíba, Brazil. Starch was obtained by the method described by Adebowale et al. [5] with adaptations. The potatoes were ground with distilled water in a ratio of 1:2 (w/v). The mixture was filtered (70 mesh) and the filtrate was allowed to stand at 5°C for 8h. The supernatant was discarded and the starch was dried in air circulating oven at 40°C until final moisture of 13%.
Physicochemical characterization
Sweet potato starch was evaluated for water content using an Infrared Moisture Analyser until constant weight (brand Marte, ID 200), ash, protein content and lipid content were determined using the AACC [6] method, the results were expressed as dry basis (%, db). Total carbohydrate content including fiber was calculated by difference. Apparent amylose content from starch was determined according to the methodology described by Martinez & Cuervas [7] .
Modification of starch
Starch modification by heat-moisture treatment (HMT) was carried out according to the method described by Hormdok & Noomhorm [8] , where, the obtained starch had its water content adjusted to 15 (HMT15), 20 (HMT20) and 25% (HMT25) for posterior heat treatment.
Water and oil absorption capacity
Water and oil absorption capacity were determined according to the method of Beuchat [9] at 25 ° C.
Morphological characterization
The morphological evaluation was performed by a JEOL JSM 5800LV Scanning Electron Microscope (SEM) with 3kV. The determination of particle size was performed based on micrographs with a magnification of 2000x using ImageJ software.
Structural characterization was performed by X-ray diffraction in a SHIMADZU X-ray diffractometer (XRD 6100) with an angular sweep of 10°<2ɵ<50° in the Bragg-Brentano assembly ɵ-2 system using Cu (kα1) radiation, a sweep scan of 0.02 (2ɵ), and 0.6 second interval for each sample. The crystallographic phases of the samples and the standard JCPDS plots representing them were determined by the X-ray diffraction curves.
Statistical analysis
The data starch water absorption capacity were submitted to analysis of variance ANOVA and the Tukey test (p ≤ 0.05), using Software Assistat 7.7
Results and Discussion
Physicochemical characterization
The starch extracted from 'Rainha' sweet potatoes has its own characteristics, with low levels of minor constituents such as ash (0.36%, db), lipids (0.37%, db) and proteins (0.07%, db). The starch presented good quality and efficacy in the implemented extraction process, with carbohydrate content (sugars plus fibers) of about 85.57%.
As described in the literature, sweet potato starch is considered to have high amylose content and to have influence on starch properties [10] . When comparing the apparent amylose content in the native starch (30.39%, db) and those physically modified, we observed that the modified starch at 15% moisture presented lower values (28.85%, db) than other samples (HMT20 of 33.97% db, HMT25 of 31.19% db), which can be the result of additional interactions between the amylose-amylose and amylose-amylpectine chains which modify the starch matrix making the amylose more insoluble and unavailable for quantification [11] .
Water and oil absorption capacity
Sweet potato starch presented low water absorption capacity (WAC), however, the modified starch presented higher values of starch compared to the native, where: 0.76 (± 0.04) g/100g in the native starch; 0.95 (± 0.02) g/100g in the HMT15; 0.96 (± 0.02) g/100g in HMT20; and 0.85 (± 0.01) g/100g in HMT25. Similar behavior was observed regarding oil absorption capacity (OAC), where the modified starches presented higher values of starch, being 1.01 (± 0.02) g/100g in the native starch; 1.22 (± 0.07) g/100g in the HMT15; 1.23 (± 0.02) g/100g in the HMT20; and 1.34 (± 0.05) g/100g in the HMT25. Starch with low water absorption capacity is indicated as an ingredient in products that require both low retention of water and fat, improving characteristics such as product crunchiness.
Morphological characterization
The size of the starch granules is an important parameter that affects their physicochemical properties and applications. Micrographs of the starch (Figure 1) show surface roughness and few cracks/fissures in modified starches in comparison to original starch. However, all starch types presented ellipsoidal and rounded granules, with noticeable agglutination tendency in starches modified by heat-moisture treatment.
The 'Rainha' sweet potato native starch sample presented ellipsoidal granules and a smooth surface, with the granules size corresponding to about 5.51 μm. A small increase in particle size by 6.84 and 5.51 μm was observed for the morphologies of the granules corresponding to modified starches at 15% RM (HMT15) and 25% RM (HMT25), except for the sample of 20% RM (HMT20) that was smaller with 5.00 μm. Average particle size may be related to the amylose content, considering that the HMT 20 treatment had the highest amylose content.
Because starch granules are partially crystalline, they are defined based on the interplanar spaces and the relative intensity of the X-ray diffraction lines. Peak regions observed for sweet potato starch are characteristic of standard type A chains, which assume short to medium starch chain lengths (Figure 2) .
The ratio of the starch crystallinity state (amorphous/ crystalline) is very important to understand its stability and application. The diffraction curve allows us to identify these characteristics, in addition to establishing the starch classification, which according to Yu et al. [12] and Zeng et al. [13] can be classified as type A, B, C and V starch. According to these authors, type A starch is a typical cereal starch, Type B is associated with tuberoses or amylose rich materials, and Type C starch resembles pea starch and various bean starches. Moreover, Type C can be considered as a mixture of the XRD patterns of starches A and B. Type V starch is a type of crystalline starch typical of complexes formed between amylose and lipid.
The starchs were characterized as Type A due to the presence of XRD curves at reflection points 2Ɵ = 10, 11, 15, 18 and 23°. The amylose content found in the starches corroborates with the crystallinity results, once, ranged from 28.85 to 33.97% indicating low content. 
